Awareness among parturients during general anaesthesia for caesarean section, though now uncommon, remains a concern for obstetric anaesthetists. We examined the adequacy of our general anaesthetic technique for avoiding explicit awareness by determining the depth of anaesthesia using Bispectral Index (BIS) monitoring.
One of the hazards of general anaesthesia for caesarean section is the risk of awareness, which is defined as the spontaneous recall of an event occurring during general anaesthesia 1 . The factors that contribute to inadequate anaesthesia include the use of rapid sequence induction and avoidance of opioids before delivery, and the reduced inspired concentration of inhalational agent used. Despite lowered minimum alveolar concentration (MAC) during pregnancy, these agents have tocolytic uterine effects and depressive neonatal effects.
The Bispectral Index (BIS), a multivariate processed electroencephalographic variable, is potentially a useful aid for titration of inhalational agents in this group of patients, to ensure adequate hypnosis without compromising fetal outcome. Lubke et al 2 reported that the Bispectral Index reflects direct and indirect memory function during caesarean section.
We carried out an observational study to examine BIS values during anaesthesia, as an indication of whether adequate anaesthesia had been achieved, and to report the incidence of postoperative recall of intraoperative events.
METHODS
The study received hospital Ethics Committee approval. Twenty ASA I patients who requested general anaesthesia (GA) for elective caesarean section and gave informed consent were studied. The general anaesthetics were conducted by different specialist anaesthetists, but a similar technique was used.
All patients were premedicated with oral ranitidine 150 mg the night before and on the morning of operation and sodium citrate 30 ml immediately before arrival in the operating theatre. Standard monitoring included non-invasive blood pressure (NIBP), electrocardiogram (ECG), pulse oximetry (SpO 2 ), end-tidal carbon dioxide (ETCO 2 ), inspired oxygen fraction (FiO 2 ), inspired nitrous oxide fraction (FiN 2 O), inspired and end-tidal fraction of isoflurane (Fiiso and ETiso). The BIS was monitored, but all anaesthetists were blinded to its value.
Rapid sequence induction was performed with thiopentone and suxamethonium, at average doses of 4 to 5 mg.kg -1 and 2 mg.kg -1 respectively. Anaesthesia was then maintained with 50% nitrous oxide in oxygen and isoflurane. The inspired concentration was set at 1 to 1.5% until delivery, after which it was reduced to 0.75%. After delivery, intravenous morphine 0.1 to 0.2 mg.kg -1 and synthetic oxytocin 10 units were administered. Thereafter 66% nitrous oxide in 33% oxygen was administered at fresh gas flows of 3 to 4 litres per minute and muscle relaxation was maintained with atracurium.
Prior to administration of anaesthesia, the Bispectral Index A-1000 monitor (Aspect Medical Systems Inc., U.S.A.) was connected to an Aspect BIS sensor, which had been placed on the forehead as recommended by the manufacturers. During anaesthesia, BIS values, end-tidal and inspired isoflurane concentration and other observations were noted at one-minute intervals until delivery and threeminutely thereafter. Note was taken of the following events: laryngoscopy and endotracheal intubation, skin incision, uterine incision, delivery, subcutaneous layer closure, skin closure, cessation of inhalational agents, intravenous atropine and neostigmine administration, eye-opening and extubation.
Isoflurane was ceased at skin closure. After administration of atropine and neostigmine, nitrous oxide was stopped. The patient was asked, at oneminute intervals, to open her eyes. The time taken and the end-tidal inhalational agent concentration at eye-opening were noted. All patients were interviewed in the recovery room and on the first postoperative day regarding the experience of dreaming or recall.
RESULTS
The demographic data and mean drug doses used are reported in Table 1 . The initial inspired isoflurane level of 1% achieved a target end tidal concentration of 0.5% just before skin incision. There was no case of significant uterine atony or postpartum haemorrhage associated with these concentrations. The neonatal Apgar scores were 9 at the first and fifth minute for 19 of the 20 cases. One baby had an Apgar score of 8 and 9 at the first and fifth minute respectively. Table 2 shows the various time intervals for our current anaesthetic technique. Figure 1 shows the BIS values throughout the operation. There was no recall or dreaming reported by any patient in the recovery room or at 24 hours after surgery. Figure 2 shows the mean arterial pressure and heart rate rise at intubation, the trend of which showed no association with BIS values. The BIS values subsequently changed in the same direction as the blood pressure and heart rate, with an upward trend at cessation of anaesthesia.
DISCUSSION
The incidence of spontaneous recall of intraoperative events during anaesthesia is 0.2 to 0.9% 3, 4 . In another study, investigators reported an incidence of 0.18% when neuromuscular blockade was administered, and an incidence of 0.1% when no neuromuscular blockade was given 5 . In the same study, Sandin et al suggested that the inability to prevent awareness by conventional measures was a reason for monitoring of cerebral activity by neurophysiological techniques 5 .
In obstetrics, the incidence of awareness has been reported to be about 1.3% following a rigid general anaesthetic protocol and 0.4% if a more flexible anaesthetic approach is adopted 3 . Unconscious learning may occur during emergency caesarean section 2 . In a study using the isolated forearm technique in 30 parturients, there was a high incidence of intraoperative responsiveness without recall and the authors concluded that allowing surgery to proceed immediately after endotracheal intubation did not provide adequate anaesthesia at the time of skin incision 6 . The anaesthetic techniques used by the anaesthetists in this study were consistent with commonly recommended techniques for caesarean section. Most authors recommend an induction dose of thiopentone 4 mg/kg 7, 8 , similar to the mean dose used in our study. Thiopentone requirements are decreased during pregnancy 9 and doses greater than 4 mg/kg may lead to a harmful fetal cerebral concentration 10 . However, recommended dosages do not account for differences in metabolic rate, age, individual sensitivity or synergistic drug interactions. The monitoring of the onset, offset and intensity of effects after a given dose of anaesthetic may thus be desirable.
The initial rise in blood pressure and heart rate observed at intubation was probably an autonomic response to laryngoscopy, rather than inadequate depth of anaesthesia, because the BIS trend was downward. The metabolic and endocrine responses associated with nociceptive stimulation trigger sympathetic overactivity, resulting in increased oxygen consumption and even uterine vasoconstriction 11 . This may compromise uteroplacental perfusion and affect fetal well-being. The traditional assessment of the adequacy of anaesthesia included evaluation of blood pressure, heart rate, lacrimation and diaphoresis, but the inadequacies of this approach are well known 12 . Hypovolaemia, hypoxia, hypercapnia or inadequate analgesia, rather than inadequate anaesthesia, may lead to such manifestations of sympathetic stimulation. Comparing BIS to vital signs, BIS analyses cortical activity and provides an index of the patient's level of consciousness. Blood pressure and heart rate changes most likely reflect autonomic or brainstem responses to noxious stimuli and only indirectly reflect depth of anaesthesia.
End-tidal volatile agent monitoring has been used to indicate adequate anaesthesia, with end-tidal isoflurane concentration of 0.2 to 0.7% combined with N 2 O proving satisfactory 3 . In our patients, the mean end-tidal isoflurane reached 0.5% just before skin incision. However, this measure of adequacy of anaesthesia depth has pitfalls 4 . Pregnant women have lower isoflurane requirements, as reflected by the concentration required for hypnosis based on the electroencephalogram [14] [15] [16] . Women in early pregnancy have a comparatively lower BIS than non-pregnant subjects at isoflurane concentrations from 0.1 to 2% 14 , suggesting an increased depth of anaesthesia. However, in our study, the median BIS value was 70 at skin incision, suggesting that an end-tidal isoflurane concentration of 0.5% may not be adequate. Furthermore, as all the anaesthetists involved had no prior experience with BIS monitoring and were blinded to the values at all times, they may have unconsciously adjusted their anaesthetic technique on the basis of BIS being assessed. This phenomenon, commonly known as the Hawthorne effect, may have influenced our results. However, the Apgar scores and haemodynamic parameters did not suggest excessive drug dosing. A study using a flexible anaesthetic protocol with higher doses of thiopentone (5 to 7 mg.kg -1 ) and end-tidal isoflurane (1%) also did not detect appreciable neonatal depression or maternal compromise 5 .
BIS monitoring has proven to be useful in tracking hypnotic levels and improving titration of anaesthetic drugs 26, 27 . Below a BIS value of 70, there is a very low probability of recall. The range between 60 and 70 may be considered deep sedation or light anaesthesia. Below 60, the patient is usually unconscious. However, these BIS values had not been validated in pregnancy. In this observational study we noted the median BIS value was 70 at skin incision, which is similar to the BIS level at hypnosis reported by others. At intubation, uterine incision and delivery, the median BIS values were 60, with a range of 52 to 70. Although our current anaesthetic techniques did not produce BIS values associated with a low risk of awareness (i.e. less than 60), there was an absence of recall of intraoperative events. Nevertheless, recall is but only one measure of memory and is therefore not entirely reliable as a test of awareness 20 . The studies by Moir 7 and others [15] [16] [17] [18] relied on recall to assess adequacy of anaesthesia. Even under hypnosis, only a fraction of information may be available for recall, although it may be remembered in other ways 20 . This may be due to spontaneous memory decay, or retrograde amnesia induced by drugs used after delivery 19 . We evaluated the component of explicit memory, but BIS monitoring during caesarean section has shown that learning can occur in the absence of conscious recall 5 . The unconscious storing of a traumatic memory may act as a psychic irritant and pose the problem of post-traumatic stress disorder. In the recent study investigating memory function during general anaesthesia for emergency caesarean section, a process dissociation procedure was used to differentiate explicit from implicit memory and there was evidence of unconscious-controlled memory of events. This weak form of explicit memory was found to occur in the absence of conscious recall at a BIS level of 76.3 (±3.0), the mean BIS during word presentation during the procedure 5 . In the absence of an adequately powered trial, it is not possible currently to conclude that BIS monitoring could reduce the incidence of awareness.
The value of BIS during nitrous oxide anaesthesia is controversial as BIS monitoring has not been validated. In studies involving inhalation of 70% nitrous oxide in healthy volunteers, adding nitrous oxide to the anaesthetic produces no change in BIS 23, 24 . With propofol and remifentanil, nitrous oxide prevents movement during tracheal intubation but does not affect BIS values 25 . As our current technique for caesarean section includes nitrous oxide, the risk of awareness may be less than suggested by the BIS monitoring.
It has long been hoped that the central nervous system effects of anaesthesia could be monitored in an objective, reliable fashion. The addition of BIS to the armamentarium of modern monitoring may be useful in preventing awareness during general anaesthesia, but this has not been proven. The BIS values we found appeared to be associated with an adequate depth of anaesthesia to avoid explicit awareness, despite on most occasions during anaesthesia and surgery being above the recommended range of 40 to 60 for adequate anaesthesia with optimal wakening 19 . Whether BIS monitoring should be routine in this setting cannot be answered until controlled trials are performed.
